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Noninvasive or less invasive approaches to correction or
palliation of congenital heart disease have clearly come to
the fore in recent years with the advent of balloon dilation
techniques . With initial use of balloon valvuloplasty, pulmo-
nary valve stenosis became the first lesion to undergo
clinical evaluation and prove successful in therapeutic eval-
uations (1-4) . Indeed, most physicians would consider pul-
monary balloon valvuloplasty the treatment of preference
for this lesion . Subsequent reports (5,6), however, began to
note less than optimal success when pulmonary valves were
dysplastic. As balloons continued to be inflated, other le-
sions soon came under the wing of the interventional cardi-
ologist: aortic valve stenosis (7-10), mitral stenosis (11),
vena caval obstructions (1 ), pulmonary vein stenosis
(13,14) and peripheral pulmonary artery stenosis (15), among
others. In these lesions, however, success has been tem-
pered by complications . Balloon dilation of coarctation of
the aorta continues to be controversial ; initial reports of
unqualified success (16- 3) have been diluted by longer-term
follow-up studies showing complications such as aneurysm
formation ( 4- 8). Clearly, as we strive for a less invasive
approach to "correct" congenital heart defects and as le-
sions become more complex and as postoperative complica-
tions are considered, we must carefully weigh risk/benefit
ratios and must scrutinize and define carefully the term
"success ."
Postoperative heart disease . Every therapeutic modality
carries with it attendant risks, including, in cases of surgical
repair of congenital heart disease, a new set of cardiac
lesions . There are the sometimes inevitable side effects of
surgical treatment (i .e ., long-term right ventricular failure
after atria] switch repair) in patients with transposition of the
great arteries . In other cases, a learning curve of surgical
technique often leads to eventual improvements in postop-
erative results (compare current data with the initial rate of
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complications of heart block in ventricular septal defect
repair or with the early rates of coronary artery occlusion or
kinking after the arterial switch procedure for transposition
of the great arteries) .
Right ventricular outflow obstruction has continued to be
a postoperative complication (or is it a side effect?) in many
patients undergoing surgical repair or palliation . Stenosis of
valved conduits between the pulmonary ventricle and pul-
monary artery has been reported, often requiring early or
late conduit replacement ( 9-31). Similarly, pulmonary ar-
tery banding, a palliation less frequently employed in 1989,
may distort pulmonary artery architecture so that eventual
surgical correction of the underlying cardiac malformation
may require additional pulmonary arterioplasty . Recently,
the arterial switch procedure for complete transposition of
the great arteries, perhaps the treatment of choice for this
lesion, has been associated with postoperative stenosis at
the surgical anastomotic sites of great vessel translocation
(3 ,33). As Zeevi et al . (34) note in their report : "The
increased number of patients undergoing complete repair of
complex heart defects has created a larger population of
patients with postoperative right ventricular outflow ob-
struction ." Repeat surgery has heretofore been the only
therapeutic option when such lesions were deemed hemody-
namically significant .
The present study . In this issue of the Journal, Zeevi et
al . (34) critically review their experience with 16 patients
with postoperative right ventricular outflow obstruction who
underwent balloon dilation as an alternative to surgical
therapy. In the first subgroup, nine patients with a stenosed
valved conduit between the pulmonary ventricle and pulmo-
nary artery were chosen for balloon dilation ; eight of these
nine patients had a porcine valve and one had an aortic
homograft . The second subgroup contained five patients
who underwent the arterial switch operation for transposi-
tion of the great arteries as newborn infants ; each had
stenosis at the surgical anastomotic site of the neo-
pulmonary artery . The third group contained two patients
with supravalvular pulmonary stenosis at the site of a
previous pulmonary artery band .
Right ventricle to pulmonary artery extracardiac conduits
have been utilized for a variety of congenital lesions includ-
ing tetralogy of Fallot with pulmonary atresia and transpo-
sition of the great arteries with ventricular septal defect and
right ventricular outflow tract obstruction . Long-term failure
of these conduits due to obstruction at the valve or anasto-
motic site or to concentric neointimal peel formation or to all
of these mechanisms has been reported ( 9-31,35-39) . Even
in the few reports (40-4 ) of success of balloon dilation in
valve conduits there is also a high incidence of failure .






et al . (4 ), who found that previously unsuspected distal
obstruction at the distal anastomotic site became apparent
after dilation of the valve . This finding may argue for staged
balloon dilation in such patients . In this issue of the Journal,
Zeevi et al . (34) report that dilation was unsuccessful in six
of the nine patients with conduit obstruction ; success was
achieved only in patients whose conduit obstruction was
primarily at the level of the valve . Subsequent conduit
replacement was necessary in five patients, even in one of
the three with successful balloon dilation
. Postoperative
examination of the replaced conduit in three patients dem-
onstrated the multiple and complex nature of the conduit
stenoses .
Surgical correction of transposition of the great vessels
has, since the report by Jatene et al . (43), included arterial
switch procedures with many subtle modifications
. Basi-
cally, the transected great arteries are switched and anasto-
mosed to the native trunk of the transposed great vessel ;
coronary arteries are reimplanted . Results have been prom-
ising (44-46,33) . The spectrum of possible late complications
has included stenosis at the anastomotic site of the great
arteries . The true incidence of this complication is yet
unreported ; two studies (3 ,33) found it to be one of the most
frequent hemodynamically significant abnormalities occur-
ring after the arterial switch procedure
. Zeevi et al . (34)
report their lack of success in dilating the majority (four of
five) of these lesions
. In the single successful procedure, an
intimal tear was induced at the junction of the main and right
pulmonary arteries . This experience is similar to that re-
ported for balloon dilation of peripheral pulmonary artery
stenosis. Of interest is the mechanism of pulmonary stenosis
in these patients ; "tension" on the anastomosis would be
less likely to be amenable to balloon dilation than would
circumferential narrowing of the suture line
. Zeevi et al . (34)
report their single success in a patient with the latter
condition .
Finally, in their small group of patients with supravalvu-
lar pulmonary stenosis at the site of previous pulmonary
artery band placement, only partial success is reported,
again in association with evidence of intimal tear . Fortu-
nately, there has been a decrease in the use of this palliative
technique in favor of earlier total corrective repair and it is
expected that this by-product complication will be obviated
.
Evaluation of selective criteria and guidelines for defining
success. Zeevi and colleagues are to be commended for
strict adherence to preset criteria by which the balloon
dilation procedure was judged successful or not . They began
with careful selection criteria (right-sided failure or outflow
tract obstruction producing a right ventricle to aorta pres-
sure ratio of 0
.6 :1 .0) . Furthermore, all patients who met
these criteria were included consecutively
. Finally, strict
guidelines of defining success were set
: >50% reduction in
peak systolic gradient or 50% increase in diameter of
stenotic area . If conclusions are based solely on the statis-
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tical results achieved with this numeric criterion, it is clear
that the technique has failed (an overall success rate of 5%,
a partial success rate of 1
%, and a failure rate of approxi-
mately 70%) . However, this technique may yet prove valu-
able in certain subgroups ; hence, patient selection may be a
key factor. In the group with valved conduits, when the
stenosis is at the valve level, there may be a higher incidence
of success in balloon dilation . Lloyd et al . (40) as well as
Zeevi et al . (34) have reported these findings . In the group
with supravalvular pulmonary stenosis after the arterial
switch procedure, those patients with clear circumferential
narrowing of the suture line may be good candidates for
balloon dilation, whereas those with tension-induced nar-
rowing clearly should have surgical correction if it is hemo-
dynamically warranted
. Also, because these are the first
reported attempts to perform balloon dilation in this group of
patients, continued work with care and caution and strict
adherence to protocol is warranted . Even if the balloon
procedure in these patients proves to be only partially
successful at the time of dilation, it may mean eventual
placement of a larger valved conduit for the former group
and, perhaps, with continued growth of the great arteries,
eventual nonhemodynamically significant pulmonary steno-
sis in the latter group .
One must, however, exercise caution based on the find-
ings of Zeevi et al . (34) . First, long-term follow-up of
patients in whom initial tears occur at former band sites or
surgical anastomotic sites is warranted and has not yet been
reported. Second, Zeevi et al
. (34) did not report the
incidence of significant insufficiency after dilation in the
patients with a valve conduit. Such insufficiency in general
does not necessarily present a clinical problem but may be
hemodynamically significant
. Third, in patients who will
undergo surgical repair in any event (i .e
., patients who
require pulmonary artery banding), one must consider the
efficacy of a dilation procedure (although, if successful, it
may decrease surgical repair time) . In this group, one must
take into account the effect of a "too successful" procedure
in alleviating the pulmonary stenosis in patients with ven-
tricular septal defect (increased pulmonary blood flow) .
Finally, it is unclear why most of the authors' results were
"less than satisfactory
." Even when the clinical setting was
similar (valvular stenosis of a valved conduit, similar tech-
nique and no difference in balloon/valve ratio), and there
were three successes, with a respective reduction in the
transvalvular gradient of 58%, 5
% and 83%, one cannot
readily explain the large differences in reduction of gradient
.
Conclusions . The age of interventional cardiology is
clearly upon us . No longer does the pediatric cardiologist
look at the corner mime as he or she twists the elongated
balloons into dogs and cats to the delight of onlooking
children without musing "perhaps
that shape for that
lesion . . . ."
; no longer does the catheter-wielding re-
searcher view "Around the World in 80 Days" without
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thinking almost aloud, "where else can balloons take us?" ;
and no longer does the interventionalist listen to the radio
without beaming at the words "up up and away my beautiful
balloon." As Zeevi et al . (34) suggest : " . . . we continue to
attempt balloon dilation . . . hoping to defer surgical inter-
vention," with care, concern, caution and judicious, metic-
ulous adherence to protocol, so the balloon does not burst
(figure of speech) .
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